Low Cost Simplified Spray Pyrolysis Method using Zinc acetate dihydrate as host precursor source. The structure, optical properties and morphologies of ZnO nanoflakes have been characterized by X-ray diffraction (XRD), UV-Vis spectrophotometry, photoluminescence spectrophotometry (PL), field emission scanning electron microscopy (FESEM) and energy dispersive X-ray analysis (EDAX). The FESEM reveal the formation of ZnO nanoflakes. XRD shows the hexagonal structure of the ZnO nanoflakes. Strong blue shift absorption is observed from the UV-vis spectrophotometry. This blue shift indicates the quantum confinement of the ZnO nanoflakes. The enhanced luminescence property is measured from PL spectrophotometry.
Introduction
ZnO NPs is an attractive Semiconductor material for nano electronic and nano photonics. Zinc Oxide nanoparticles are commonly applied in Pollutants Removal and disinfectants, because of its high chemical stability, oxidation-reduction capability and poison less characteristics. This type of nanoparticles have interesting and much attention in the past few and current year because of their novel properties that originating from quantum confinement effect [1, 2] . Among all semiconductor materials, the II-VI semiconductor systems have many applications, such as light emitting diodes, anti-bacterial activity, chemical/biological sensors, photocatalysis and solar cells [3] [4] [5] [6] [7] [8] . Many approaches have been committed to prepare and control the size and shape of II-VI semiconductor nanoparticles. Zinc oxide (ZnO) is an important II-VI semiconductor material which has wide bulk direct band gap energy and a small exciton Bohr diameter [9] . Due to its wide band gap and exciton binding energy of 60 meV, the synthesis of nanocrystalline ZnO powders with its tunable phase, morphology and size provides alternative variables in tailoring its physical and chemical properties [10, 11] . It exhibits great potential applications like UV photonic and transparent electronic applications, photoluminescent and electroluminescent devices, lasers and thin film solar cells [12] . Recently, a variety of ZnO nanostructured particles with various morphologies including nano crystals , nano rod, quantum dots, belts , needles, sphere, saw and tube, plates , flower like patterns , ribbons and petals [13] [14] [15] [16] [17] [18] [19] [20] have been prepared by using various methods. Progressively more research works are contributing to understand the novel properties of semiconductor.
In this paper, we present our investigation to understand the structural, morphological and optical properties of nano crystalline ZnO nanoflakes prepared through a hot copper plate assisted low cost simplified spray pyrolysis method [21] [22] [23] . The prepared ZnO nanoflakes have been characterized by X-ray diffraction (XRD), ultraviolet (UV) visible spectrophotometer, photoluminescence (PL), Field emission scanning electron microscopy (FESEM) and Energy dispersive X-ray analysis (EDAX).
Experimental Method
All the chemical reagents were of analytical grade and used without further purification. Synthesis was carried out by hot copper plate assisted low cost simplified spray pyrolysis method by using zinc acetate dihydrate [Zn (CH 3 COO) 2 ] as Zn 2+ source, and glycine as fuel.
Zinc acetate dihydrate (Sigma Aldrich, 99% purity) was taken as precursors. Zinc acetate of 0.05 M precursor solution made of 50 ml of deionized water was used to synthesis ZnO nanoparticles. In first step glycine solution of 0.01 M is mixed with precursor solution. Then it is stirred for 2 hours at 50˚c. In Second step the mixed solution is poured in the well cleaned empty perfume spray atomizer without any other impurity. In third step, the copper plate in the dimension of 15cmx12cmx1mm is placed on the hot plate oven at 200˚C. In fourth step the mixed solution is directly sprayed on the hot copper plate with 5 seconds intervals fully and then it is cooled for 30 minutes. ZnO nano powder removed by fine metal strip and collected in glass tube. In overall reaction acetate and fuel escaped as CO 2 , H 2 O and N 2. Then the sample was calcined in muffle furnace at 150˚C for 3hours.
The structure of the dried sample was characterized by X-ray diffraction (XRD) using an (PANalytical -PW 340/60 X'pertPRO) with Cu-Kα radiation (λ = 1.5406 A˚) with 2θ ranging between 20˚ and 75˚ at a scanning rate of 0.051.The surface morphological studies and elemental compositions were investigated using Field Emission Scanning Electron Microscope (FESEM, FEI -QUANTA-FEG 250) and Energy Dispersive X-ray Analysis (EDAX-Quantax 200 with X-Flash -Bruker). Photoluminescence (PL) spectra were studied using spectroflurometer (CARY ECLIPS SPECTRO photometer) in the range 200-700 nm. Also UV study was carried out by using a Shimadzu-1700 series.
Results and Discussion
Figure 1: XRD patterns of as prepared ZnO nanoflakes at room temperature Fig.1 indicates the XRD pattern of ZnO nano-flakes synthesized by hot copper plate assisted low cost simplified spray pyrolysis method at room temperature. The X-ray diffraction (XRD) pattern of ZnO nanoparticles powder is shown in Fig. 1 (201) respectively. The average crystallite size ranging from 25 to 31 nm was estimated by using Scherrer's formula [24] [25] [26] [27] [28] . All the diffraction peaks in the obtained XRD patterns are matched well with the standard hexagonal wurtzite structure of ZnO as found in JCPDS card no.36-1451. The peak corresponding to (101) plane shows the highest intensity. The sharp and intense peaks indicate good crystallinity nature of the sample. Table1 and Table 2 shows that the Crystallite size, d -spacing, Crystallites volume, Lattice parameter, c/a ratio, cell volume, Number of unit cell, Bond length, dislocation density of ZnO nanoflakes calculated from XRD data. 
Optical Properties
The optical properties of ZnO nanoflakes were investigated by absorption spectrum in the UV-visible wavelength range of 300-700 nm and are shown in Fig.2 The as-prepared ZnO nano flakes depicts a absorption at 343 nm, which is blue shifted compared to the bulk ZnO whose absorption edge is observed at 380 nm [31] . This blue shift indicates the quantum confinement of the particles. The band gap of ZnO nanoflakes is calculated based on the equation α = A (hν -E g ) 1/2 where α, E g and A are the absorption coefficient, bandgap and constant respectively. Fig.3 shows the variation of (αhν) 1/n vs. photon energy, hν for ZnO nanoparticles with n values of 1/2. Allowed direct band gap of ZnO nanoparticles is calculated to be 3.39 eV, which is closer to the reported value 3.37 eV [29] [30] .
Photoluminescence spectrum of ZnO nanoflakes is shown in Fig.4 . Here the excitation wavelength was at 320 nm and the emission peaks were found at different wavelengths such as 359 nm, 492 nm and 518 nm. These emission peaks observed in visible region are attributed to various defects like zinc interstitials (Zni), zinc vacancies (Zn V ), oxygen interstitials (Oi) and oxygen vacancies (O V ) along with their excited states. These broadened peaks are due to the trap state emission of ZnO nanoflakes. The rate of this hole trapping must be much faster than the radiative recombination rate of the exciton emission. Because of the large surface-to-volume ratio of our ZnO particles, efficient and fast trapping of photo generated holes at surface sites can be expected. Probable candidates for the trapping of holes are O 2 -ions at the surface. Trapping of a photogenerated hole at the surface is also in agreement with the size-dependence of the emission intensities [32] . The rate for a surface trapping process increases as the particle size decreases since the surface-to-volume ratio increases. Fig.4 shows the SEM images of ZnO nanoflakes. These images confirmed the size of the nanoflakes and showed the particle distribution ranging from 25 nm to 31 nm. The process calcination and spraying on hot copper plates plays an important role in the morphology of ZnO nanoflakes with little agglomeration and is clearly observed from the figure where the nanoparticles began to align themselves to form magazine, were laid out as it is. Fig.6 shows the EDAX spectrum which is confirmed the composition ZnO nano particles. This spectrum successfully confirms that hot copper plate assisted low cost simplified spray pyrolysis method is a successful method for the preparation of ZnO nanoflakes. 
Morphological Study

Conclusion
The ZnO nanoflakes have been successfully synthesized through by hot copper plate assisted low cost simplified spray pyrolysis method at room temperature. The surface morphological studies using FESEM confirm the formation of ZnO nanoflakes. XRD reveals that the synthesized ZnO nanoflakes were well formed and had hexagonal structure with a crystallite size distribution of 31 nm. The optical properties of the synthesized nanoflakes indicate the quantum confinement effect with a strong blue shift. This approach brilliantly makes the surface of the ZnO nanoflakes. This inexpensive approach will be very useful for the synthesis of semiconductor nanostructures in various recent trends in nano material applications. 
